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0B  静磁场强度 
B  磁场强度 
ω  进动频率 
γ  旋磁比 
pet  相位编码梯度持续时间 
TR 重复时间 
xG  频率编码梯度 
yG  相位编码梯度 
yN  相位编码次数 
x  图像展成的一维信号向量 
Z  x对应的二维图像 
y  测量向量 
UF  测量矩阵 
F  傅里叶变换 
Ψ  反向稀疏变换 
α  稀疏变换系数 
*α  最优解 
X∇  水平方向梯度 
Y∇  垂直方向梯度 
( )Sθ ⋅  以θ 为阈值的软阈值函数 




IT-EDTC 使用连续策略的 IT-EDT算法 
IST 迭代阈值算法 
FISTA 快速迭代阈值算法 
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Although MRI has been widely used in clinical applications as an important 
imaging tool, it is still burdened by the long acquisition time. Undersampling k-space 
is an effective way to solve the long acquisition time problem. However, 
undersampling violates the Nyquist-Shannon sampling theorem and introduces 
aliasing artifacts in the reconstruction, which blur the edge features that usually 
contain important structures for pathological diagnosis. Therefore, how to improve the 
edge reconstruction becomes an important question. Based on the commonly used 1l  
norm minimization, we design different weights and propose novel methods for better 
edge reconstruction. The main work is listed below. 
1. We introduce the principles of MRI spatial encoding and and basic 
mathematical theories regarding the undersampled MRI sparse reconstruction. Then 
based on the development of MRI sparse reconstruction, we summarize the recent 
emerging applications and relevant numerical methods. In addition, the common 2D 
and 3D sampling patterns and sparsifying transforms are given in regards to the two 
important requirements in sparse reconstruction, the incoherence and sparsity. 
2. We propose an ECIA method for undersampled MRI reconstruction based on 
the correlation of edges in wavelet domain. ECIA uses the inter- and intra-scale 
correlation of edges to distinguish edge areas from smooth areas and aliasing artifacts, 
and then adds a 0-1 binary weight according to different areas to encourage the edge 
coefficients in the solution, and therefore obtains better edge reconstructions. To 
speed up the convergence, a continuation strategy is employed in ECIA. In addition, 















traditional reconstruction methods, which is difficult when the intensity of the noise is 
unknown. ECIA can estimate the parameter according to the noise intensity, and 
therefore is robust and adaptive to noise. 
3. An edge weighted method, EWM, is put forward in this thesis. EWM designs 
a scoring function based on the contribution of a coefficient to the edge features and 
the spatial continuity in a local image patch. Using the function, EWM scores the 
edges and adds a continuous weight accordingly. Better edge reconstructions are 
obtained due to the different penalty exerted to edges and other areas by the weight. 
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